fragmented over a given time is typically undetectable by electrophoresis. Using one form of ligation-mediated polymerase chain reaction (LM-PCR
), Staley et al. [15] [19, 20] and peripheral neuropathy [21] . Lipoatrophy is particularly associated with exposure to stavudine [19] , a drug that is pro-apoptotic in vitro and in vivo [22, 23] . The pathology of lipoatrophy in HIV patients includes increased adipocyte apoptosis [23] . One mechanism proposed for the elevated apoptosis seen in adipocytes is the interference of the mitochondria's role in apoptosis regulation by nucleoside analogue drugs inhibiting mitochondrial polymerase ␥, an effect shown in vitro [24] . However, any link between NRTI toxicities in HIV patients and apoptosis in other tissues has not been well studied, and may be complicated by the pro-apoptotic effects of HIV itself [25] [26] [27] 
. Our aim here then is to investigate further the drug toxicities in HIV patients on HAART by applying LM-PCR to peripheral blood mononuclear cell (PBMC) genomic DNA from HAARTexposed and HAART-naïve patients from whom comprehensive clinical data are available. The development of LM-PCR as an apoptosis quantifier and its application here demonstrates its investigational potential for basic and clinical science.

Materials and methods
Cells and genomic DNA
PBMCs were collected at 6- 
LM-PCR
LM-PCR [18] followed the procedure of Staley et al. [15] with modifications, and targeted the blunt-ended oligonucleosomal fragments of genomic DNA generated during apoptosis [11] 
Error bars not visible fall within the dimensions of the graph symbols. (B) Changes in PBMC TUNEL-positivity with time as measured by FACS. Error bars are means ϩ/Ϫ1 S.D., n ϭ 3. (C) Changes in PBMC LM-PCR value with time. Error bars are means ϩ/Ϫ1 S.D., n ϭ 3. (D) Changes in Jurkat cell TUNEL-positivity with time. Error bars are means ϩ/Ϫ1 S.D., n ϭ 3. (E) Changes in Jurkat cell LM-PCR value with time. Error bars are means ϩ/Ϫ1 S.D., n ϭ 3. (F) Changes in Jurkat cell active caspase-3 levels with time as measured by horse radish peroxidase ELISA. An aberrant low reading at t ϭ 4 hrs was due to loss of lysate only from those samples during ELISA. Error bars are means ϩ/Ϫ1 S.D., n ϭ 2. (G) Mean LM-PCR values from (E) converted to
fold difference apoptotic fragmentation using the reference curve of Fig. 4 . (Fig. 4) . [35] with measurement by FACS [36] and human active caspase-3 measurement by ELISA. TUNEL/ FACS measures fluorescence of flourescein-dUTP incorporated at DNA strand breaks. The active form of caspase-3, now a widely accepted marker for apoptosis [37, 38] (Fig. 3B- (Fig. 3E, F) . (Fig. 3E, F) . Both 0.1 and 0.5 M curves exhibited this profile. Using a reference curve of LM-PCR value against fold-difference input DNA (Fig. 4) , the mean LM-PCR values from this time course were converted to fold-difference fragmentation (Fig. 3G) (Fig. 6) . Moreover, within the group of patients on stavudine at sample collection, LM-PCR values were significantly higher in samples from patients with lipoatrophy than those without (Fig. 7) . Increasing patient age [39] and use of stavudine [19] are known risk factors for lipoatrophy. Logistic regression modelling confirmed that increasing PBMC LM-PCR value is associated with lipoatrophy independent of these factors (Table 2) . [18, 40, 41] [44] .
LM-PCR reactions were generated from the PBMCs of two different blood samples, each reaction electrophoresed repeatedly on its own gel and trace quantities measured to
Validation of LM-PCR: In parallel with accepted procedures for measuring levels of apoptosis, LM-PCR measures increasing apoptosis with increasing exposure of cells to staurosporine
Utilising PBMCs and Jurkat cells we validated LM-PCR's ability to quantitatively compare apoptosis levels by comparing its measurement of apoptosis with apoptosis markers generated using two other accepted procedures, TUNEL
E). Additionally, in both cell types, though the TUNEL/FACS 0.5 M course showed clear elevation with time, it was less able than LM-PCR to distinguish between 0 and 0.5 M apoptosis levels at t ϭ 1 to 2 hrs (PBMCs) and t ϭ 1 hr (Jurkat cells) (Fig. 3B-E). In Jurkat cells, both LM-PCR and caspase-3/ ELISA were comparable in their ability to distinguish effects between 0 and 0.1 M courses, both increasing their fold difference values from approximately 2.5 to 10 over 1 to 5 hrs
In contrast to TUNEL, in Jurkat cells both LM-PCR and active caspase-3/ELISA measurements accelerated from between 1 and 2 hrs, reaching a plateau beyond the 3-hr mark
Application of LM-PCR: measuring and monitoring apoptosis and drug toxicity in HIV patients
Discussion
Though LM-PCR exists in various guises
Elevated apoptosis in adipocytes has been associated previously with lipoatrophy and with dNRTI exposure, especially to didanosine and stavudine. Elevated myocyte apoptosis is also considered a possible mechanism in myopathy seen with exposure to another NRTI, zidovudine [45] . The molecular pathways underlying peripheral neuropathy are far less clear; theories explaining axonopathy involve both drug exposure and HIV infection [21, 46, 47] 
